Weight discrimination thresholds were obtained for schizophrenics and normals at various levels of weight intensity and presentation interval. The discrimination performances of all subjects were evaluated in terms of Weber ratio scores and the number of correct discriminations for each test condition. Differential effects attributable to diagnosis were found, with schizophrenics performing Avith less accuracy than normals at the lowest level of weight intensity. The different presentation intervals did not yield significant differences in discrimination. It is concluded that there is a proprioceptive deficit in schizophrenia which is due to inadsquate sensory input and not to insufficient proprioceptive memory. Signal-detection theory was acknowledged as providing a possible alternative explanation of the results.
A deficit in the sense modality of proprioception was proposed by Rado (19S3) and Schilder (19SO) as a basic etiological factor in schizophrenia. Both authors emphasized that such a deficit would be particularly salient in the disturbances of body image and depersonalization which are often characteristic of the onset of schizophrenia. More recently, Meehl (1962) has suggested that a kinesthetic integrative deficit is an essential component of the predisposition to schizophrenia which he designated as "schizotaxia."
The hypothesis that a deficit in proprioception might underly the body image distortion, thought disorder, and ineffective reality testing of schizophrenic patients was supported by a series of studies from the Lafayette Clinic (Rosenbaum, 1971) . Rosenbaum, Cohen, Luby, Gottlieb, and Yelen (19S9) employed weight discrimination as a measure of proprioceptive acuity and found impaired thresholds in schizophrenics and in normals treated with the anaesthetizing drug, Sernyl. In a later study, Rosenbaum, Flenning, and Rosen (196S) found that schizophrenics showed significantly elevated discrimination thresholds from a 40-gram standard weight, but these same patients approximated normal thresholds when tested from a heavier 1 Requests for reprints should be sent to Barry A. Ritzier, University of Rochester School of Medicine, 260 Crittenden Boulevard, Rochester, New York 14642. 400-gram standard. The marked improvement at the heavier weight intensities suggested that schizophrenic impairments in proprioceptive acuity are (a) ameliorated by increased response-produced stimulation and (b) may be the result of insufficient proprioceptive feedback.
The present study was designed to further explicate schizophrenic defects in the proprioceptive system. Deficits in proprioceptive acuity may be attributable to: (a) stimulus signals from the proprioceptive modality of insufficient intensity to cue behavior; (b) inadequate storage and rapid dissipation of signals resulting in impaired proprioceptive memory; or (c) some combination of both factors. If the deficit is one of memory, the accuracy of schizophrenics on weight discrimination tasks should deteriorate more rapidly than normals as the time interval between presentation of the stimulus weights being compared increases. On the other hand, if the deficit is prmarily due to insufficient signal, schizophrenics should not be differentially affected by the interstimulus interval and should show higher thresholds than normals only on low-intensity weights.
Previous studies of the retention of proprioceptive or kinesthetic information with normal subjects indicate that most of the effects of proprioceptive stimulation appear to be lost within 30 seconds. In studies of kinesthetic aftereffects, Posner and Konick (1966) , Bourne, Kepros, and Beier (1963) , and Tsao (1962) showed that large decrements in proprioceptive memory occurred within 30 seconds of the termination of kinesthetic stimulation, approximating the short-term memory functions for verbal materials reported by Peterson and Peterson (1959) and Melton (1963) . These findings suggest that differences in proprioceptive memory should be greater for short time intervals of less than 30 seconds between proprioceptive stimuli. In attempting to assess proprioceptive memory defects in schizophrenia, the present study employed interstimulus time intervals of 2, 4, and 8 seconds between stimulus weights.
The alternative hypotheses of memory or signal-intensity deficits in proprioception were systematically investigated by testing schizophrenics and normals for discrimination thresholds at three levels of weight intensity with three interstimulus time intervals at each level. An even more precise index of proprioceptive memory was obtained by measuring the percentage of negative time errors. Woodworth and Schlosberg (19S4) described negative time error in a paired-comparisons discrimination task as the tendency to overestimate the second stimulus weight because of diminished memory for the first stimulus presented. In comparisons between weights of equal intensity, deficits in oroprioceptive memory should be reflected ' greater negative time error (i.e., designat-' , the second weight as heavier). In the ,aent study, discriminations thresholds au^_ percentage negative time errors were obtained for every subject under all conditions.
METHOD Subjects
Eighteen patients from the Lafayette Clinic inpatient service with a staff diagnosis of schizophrenia were matched for sex, age, and education with an equal number of hospital employees and undergraduate college students. There were 9 males and 9 females in the group. The mean age of schizophrenics was 27.2 and of normals, 27.7; mean educational level was 13.3 for schizophrenics and 13.4 for normals. The mean length of hospitalization at the Lafayette Clinic was only 2.9 months, but 7 patients were in their second hospitalization. Of the 18 schizophrenics, 6 were classified as chronic undifferentiated, 7 as paranoid, 1 as hebephrenic, and 4 as acute undifferentiated. All the patients were hospitalized for less than 6 months prior to being tested. Five of the patients were on no medication; 5 were receiving 100 milligrams of Thorazine, three times daily; 2 were on 200 milligrams of Thorazine, three times daily; 3 were on S milligrams of Stelazine, four times daily; 2 were on 10 milligrams of Stelazine, twice daily, and 1 was receiving 50 milligrams of Mellaril, twice daily. All of the patients on medication, with the exception of the 2 on 200 milligrams Thorazine, had been receiving their dosage levels for at least 2 weeks. The 2 Thorazine patients had been on their medication for 8 and 10 days, respectively.
To verify the diagnosis, the case history of each patient was studied for evidence of bizarre social behavio'r, and a brief interview was conducted for clinical signs of schizophrenia. All patients had histories of withdrawal behavior appropriate to the diagnosis of schizophrenia, and 13 of the 18 patients showed frequent symptoms of schizophrenic thinking during the interview.
As an additional check on the diagnosis, each patient was administered the Hofer-Osmond Diagnostic Test for schizophrenia (1961), a card-sort personality test of 136 items designed to separate schizophrenics from normals and other psychiatric patients. Seventeen of the 18 patients in this study scored in the schizophrenic range on this test, and the eighteenth patient displayed blatant schizophrenic symptoms on interview.
Apparatus
A weight-discrimination apparatus was constructed to provide for uniform arm movements and accurate timing of the interval between presentations of the stimulus weights. Weight receptables were attached to two adjacent levers which the subject was required to pull down at a prescribed distance of 12 inches with the index finger of his dominant hand. The levers were mounted on an 18 X 18 inch wooden shield which prevented the subject from seeing the weights when they were placed in the receptables, A 10-watt pilot lamp was mounted above each lever. Activation of the lamps by a Hunter decade interval timer signaled the subject when to pull the corresponding levers.
Prior to being tested, each subject received the following instructions:
You are to judge the difference between two weights. Here is how you will do it: The weights are attached to these two levers. When this light goes on (examiner indicates light on subject's right side), you are to pull down this lever (examiner indicates right-hand lever) with the index finger of your writing hand until you are pointing at this target (examiner indicates right-hand target near the bottom of the apparatus). Then let the lever back up and wait with your hand on the table for the next light to go on; when it does, pull this lever (examiner indicates left-hand target) and let the lever back up. Then tell me which of the two weights seemed heavier. Try to pull the lever smoothly without stopping. Any questions ?
The apparatus was placed on a table in front of the subject who was seated in a chair far enough away from the edge of the table so he could not rest his elbows while pulling the levers, assuring a full arm movement for each trial. Each subject was encouraged to pull the lever smoothly and only once. "Hefting" of the weights by moving the lever up and down was not allowed.
The distance covered in one downward pull of each lever was approximately 12 inches. Investigators using a similar apparatus (Sekuler & Bauer, 1965) found that pulling the lever for more than .4 seconds assured maximum performance for normal subjects. Since it was impossible to cover a distance of 12 inches in less than .4 seconds with a smooth pull, this apparatus should have allowed for sufficient contact with the stimulus weights for accurate discrimination.
Procedure
All subjects were tested for upper difference limens from a 40-gram (light), 200-gram (medium), and 400-gram (heavy) standard weight. Upper difference thresholds were obtained by a modified method of limits described previously (Rosenbaum et al., 1965) which required the subject to compare the standard weight with heavier weights presented in descending order ranging from 52 to 42 grams in the light, 260 to 210 grams in the medium, and 520 to 420 grams in the heavy series. The subject received eight trials, with each comparison weight beginning with the heaviest (52, 260, or 520 grams) and descending in the series by 4-, 20-, and 40-gram steps. If the subject showed chance discrimination (four or more errors out of the eight trials) before reaching the lightest comparison weight, he was given a block of eight trials of the next heavier weight (ascending by 2, 10, or 20 grams) in an effort to "zero in" on his discrimination threshold. After each upper difference threshold was determined, the subject was presented with eight more trials in which the comparison weights were identical to the standard in order to assess negative time error. Negative time error was scored each time the subject chose the second weight as the heavier.
Three interstimulus temporal intervals of 2, 4, and 8 seconds were studied. Thus, there were nine test conditions: 3 intensity levels times 3 interstimulus intervals. Subjects were tested over three sessions separated by at least 24 hours. A single session involved only one level of weight intensity, but all three time intervals. Intensity level and time intervals were counterbalanced across subjects to control for order effects.
Two measures of weight discrimination were derived from the above procedure: (a) the percentage of correct discrimination and (6) individual Weber ratio scores. The percentage of correct discriminations was determined by the number of correct judgments made on the 32 critical trials with the 52-, 48-, 44-, and 42-gram comparison weights or their counterparts in the heavy and medium series. Individual Weber ratios were computed by extrapolating the smallest weight difference at which the subject obtained 75% correct discrimination (upper difference limens) and dividing this difference by the standard weight. The negative time error was determined by the percentage of equal weight comparison trials out of eight in which the second weight was judged heavier than the first.
RESULTS
The relevant data for percent correct discriminations, Weber ratio scores, and negative time errors were subjected to a 2 X 3 X 3 repeated measures analysis of variance which permitted an independent estimate of the three main effects (diagnosis, weight intensity, and time interval), as well as interactions among them. Figure 1 shows the accuracy of the schizophrenic and normal groups under the nine different weight discrimination conditions. Inspection of the figure indicates that schizophrenics performed more poorly than normals at the light weight intensity, but were comparable to normals at both the medium and heavy weight intensities. These observations were confirmed by the statistical analysis which showed a significant main effect (F = S.89, dj = 1/34, p < .05) for diagnosis and a significant interaction (.F = 3.71, dj = 2/68, p < .05) between diagnosis and intensity. Separate comparisons indicate that these results are attributable to the large group differences at the light intensity level.
Percentage of Correct Discriminations
Statistical analysis also revealed a significant main effect for interstimulus intervals (F = 3.72, dj = 2/68, p < .05) which separate comparisons showed to be attributable to poor performance at the eight-second interval. This effect is seen most clearly with the medium weights in Figure 1 , although the interaction with weight intensity was not statistically significant. The interaction between time interval and diagnosis was not significant, indicating that schizophrenics were not differentially affected by the presentation intervals. Figure 1 also indicates that the mean discrimination performance for all subjects was poorer for light weights than for the heavier weight intensities. The analysis of variance confirms this observation, with a significant main effect for intensity (F = 51.63, df -2/68, p<.0l). Separate comparisons indicate that this result is attributable to the poorer mean performance for all subjects at the light weight intensities.
Weber Ratio Scores Table 1 shows the mean Weber ratios obtained by the schizophrenic and normal groups under the different experimental conditions. These scores represent the upper difference limen (AS) divided by the appropriate standard weight (S); hence, a lower score signifies more accurate discrimination. Table 1 indicates essentially the same results that were obtained for percent correct discrimination. Inspection of Table 1 shows that the performance of the schizophrenics on the light weights was much poorer than normals (F = 5.49, df = 1/34, p < .05), but their Weber scores tended to normalize with increased weight intensities. The significant main effect for intensity also is apparent in the Weber ratio data (F = 29.60, df = 2/68, p < .01). The analysis of variance shows that the only loss in significance from the percentage of correct discriminations was the failure to obtain a significant effect for time intervals. On the other hand, this measure shows a significant interaction between time and intensity (F = 2.69, df = 4/136, p < .05), reflecting the trend noted in Figure 1 for temporal effects to be greatest at medium weight intensity.
Negative Time Error
The effects of time interval and intensity factors on the tendency to overestimate the second stimulus when equal weights are compared are shown in Table 2 . In contrast to the impairment shown by schizophrenics on the measures of proprioceptive acuity, Table 2 shows no essential differences between schizophrenics and normals under any condition. In fact, the schizophrenics obtained an overall mean negative time error value of 61.0, while the normal mean was 65.1. Statistical analysis shows that the main effect of diagnosis and all interactions were not significant, indicating that impaired memory for the initial stimulus is not characteristic of the schizophrenic group.
The only statistically reliable effect obtained from these data was a significant (F = 7.98, pf = 2/68, p < .01) increment in time error for all subjects with increasing weight intensity. Since accuracy of weight judgments typically improves with heavier intensities, it would appear that those errors which are made on heavier weights are more likely to be attributable to negative time error.
DISCUSSION
In the present study, schizophrenics showed significantly impaired thresholds with the 40-gram standard light series, but obtained normal thresholds with both the 200-gram and 400-gram series. Table 3 shows that the schizophrenics in both studies differed appreciably from normals only at the 40-gram standard. The present findings extend the observation of impaired proprioceptive acuity and light weight intensities from the male chronic schizophrenics studied in 1965, to the present sample of both males and females, recently hospitalized, and with average educational backgrounds of almost two years of college. Inspection of Table 3 and the individual data reveals that a Weber ratio larger than .ISO corresponding to an upper difference limens greater than 6 grams on the light weight (40 gram) task, is quite atypical for normals and occurs primarily in schizophrenic subjects. Nine schizophrenics in the present sample (50%) obtained such abnormal values, while only three normals (16.7%) fell in this range of scores. It is also interesting to note that correlation of the individual 40-gram Weber ratio scores for all 18 schizophrenics with the Hofer-Osmond diagnostic test was equal to .40, reflecting a statistically significant correlation between proprioceptive acuity and severity of schizophrenic pathol- • These mean values correspond to those shown in Table 2 for the two-second interval. The two-second interval between stimulus weights is most comparable to the untimed procedure of the earlier study.
ogy. The patients showing abnormal proprioceptive deficit scores include males and females, chronics and acutes, as well as paranoids and nonparanoids, suggesting that this deficit is not peculiar to chronicity or any subtype of schizophrenia. Further investigation is needed, however, as a check on this interpretation. Comparison of separate groups with a sufficient number of subjects for each subtype would be necessary to further evaluate the generalizability across schizophrenic subtypes for the proprioceptive deficit at light weight intensities.
The present findings failed to support the hypothesis that schizophrenics would show impaired proprioceptive memory when the time interval between stimulus presentations was increased from two to eight seconds. Nor did schizophrenics show any statistically significant differences from normals in negative time error when comparing equal weights.
Within this range of short-term proprioceptive memory, the time interval appears to have had a relatively small effect on the retention of proprioceptive information and did not differentially affect schizophrenics. Since schizophrenics showed equally poor proprioceptive acuity for light weights at all the temporal intervals, it seems clear that the schizophrenic deficit cannot be attributed to insufficient proprioceptive memory. It should also be noted that schizophrenics do not differ from normals in negative time error for the eight equal-weight trials. In effect, this observation suggests that schizophrenic errors in weight discrimination were not particularly attributable to reduced memory with the first of the two comparison stimuli. Indeed, Table  2 indicates that schizophrenics made fewer negative time errors for six of the nine experimental conditions, with larger discrepancies at the four-and eight-second intervals, although the differences were not large enough to be statistically significant. Eight trials per condition may not provide a powerful enough test of a possible interaction between time and intensity for negative time errors. If a more stringent test with more trials were to demonstrate such an interaction, the interpretation could be made that schizophrenics may remember the initial stimulus longer than normals, suggesting a slower decay function of the trace for schizophrenics. Since tL effect is considerably more apparent at the n v dium and heavy weight intensities, the inter, r etation that schizophrenic subjects show a proprioceptive deficit at light weight intensities is not altered by the possibility of a slower decay function for schizophrenics.
The fact that schizophrenics are capable of performing at the normal level at weight intensities greater than 200 grams and within the range of short-term proprioceptive memory supports the notion that insufficient proprioceptive feedback is responsible for observed schizophrenic deficits. An alternative formulation has attributed performance deficits in schizophrenia to excessive noise or interference in the system (Lang & Buss, 1965) . Failure to obtain an appreciable interference effect when schizophrenic subjects are required to retain proprioceptive information over a period of eight seconds does not support the noise hypothesis.
An alternative explanation for the poorer discrimination performance of schizophrenics at light weight intensities can be formulated from signal-detection theory (Swets et al., 1961) . It is apparent from Figure 1 and Table  2 that both schizophrenic patients and normal controls found the light weight discriminations to be more difficult than at the higher intensities (cf. significant intensity main effect, Table 2 ). It is possible, therefore, that the schizophrenic subjects adopted a more conservative response criterion at the light weight intensities. More difficult discriminations tend to be made with less certainty which may encourage some individuals to be more cautious in their judgments. Further research combining a signal-detection theory paradigm with a weight discrimination task would be necessary to evaluate the signal detection and reduced sensory input (proprioceptive feedback) alternative explanations.
